Nonpyrogenic amounts of endotoxin (0.1 to 1 ng/kg), hardly detectable by conventional Limulus amoebocyte lysate tests, could produce a fever of around PC when injected with a nonpyrogenic dose (6 x 105 U/kg) of recombinant human beta interferon (IFN-,1) in rabbits. Release of endogenous IFN and tumor necrosis factor by endotoxin was also dramatically increased by recombinant human IFN-4, and their levels in the blood were closely correlated with the increase of body temperature. These data suggest, if the synergism between IFN and endotoxin also operates in the homologous system (human IFN-human cells), that contaminating endotoxin in IFNs, even if not detectable by Limulus amoebocyte lysate test, can contribute to IFN fever to a considerable extent in humans.
Clinical trials of interferon (IFN), which has been expected to be a potent drug against viral and malignant diseases, revealed that fever has been a consistent adverse effect (6, 9, 21, 22, 31, 39, 43, 51) . Several studies attributed most pyrogenicity of IFN preparations to contaminants (10, 28) . However, recent studies in vivo and in vitro using highly purified recombinant alpha IFN (IFN-a) preparations showed that they were still pyrogenic, making it probable that IFN, especially IFN-a, is intrinsically pyrogenic (1, 17, 40) . Recently, it was reported that tumor necrosis factor (TNF) was a potent pyrogen in rabbits (5, 18) . Since experiments concerning pyrogenicity are difficult to perform with humans, and human IFNs are known to be often active against rabbit cells (15, 34, 38, 46) , we studied the pyrogenicity of human fibroblast IFN (IFN-,3) and endotoxin in rabbits. Here we report that the febrile response and the induction of TNF and endogenous IFN by endotoxin in rabbits were dramatically augmented by exogenous human IFN-,.
MATERIALS AND METHODS
Animals. Male New Zealand White rabbits weighing 2.0 to 2.8 kg from a single colony were used throughout.
IFN. Recombinant human IFN-P (rHuIFN) (26) , produced by Escherichia coli carrying plasmids containing cDNA of fibroblast human IFN (32) , was purified by Toray Industries Inc., Tokyo, Japan. rHuIFN with a specific activity of more than 5 x 107 U/mg of protein was supplied in a siliconized glass vial (3 x (37, 47) .
Endotoxins. The Boivin-type LPS (7, 8) Polymyxin B treatments. A 0.01-mg sample of endotoxin and 0.9 mg of polymyxin B sulfate were dissolved in 1 ml in a siliconized glass vial and incubated at 37°C for 30 min, then diluted by saline to desired concentrations of endotoxin. In a control experiment, endotoxin solution (0.01 mg/ml) without polymyxin B was incubated under the same conditions and diluted.
Rabbit pyrogen assay. Pretrained male New Zealand White rabbits were used for the pyrogen assays. The pyrogen assay was carried out according to the Japan Pharmacopoeia. Briefly, the rectal temperature of rabbits was monitored for 2 h before injection of test materials, and the variation in rectal temperature during the previous 1 h (-lhAl) and the reference rectal temperature (mean of three rectal temperatures at -30, -20, and -10 min of injection) were calculated. Rabbits showing less than 0.3°C of -lhAT and less than 39.8°C of reference rectal temperature were used for the pyrogen assay. Three to five rabbits were allocated to each group by randomized block tables (12) (Fig. 2b) . When endotoxin was increased further in amount to its strongly pyrogenic dose (125 ng/kg), however, the strong febrile response evoked by endotoxin was not affected any more by a simultaneous injection of rHuIFN (Fig. 2c) . The pattern of these febrile responses was characteristic of that of endotoxin and not that of IFN. These data show that the pyrogenicity of trace amounts of endotoxin in rabbits was dramatically augmented by rHuIFN.
A similar augmentation of pyrogenicity was also observed with endotoxin of Westphal type from different gramnegative bacteria (Table 1 ). The augmented fever was suppressed to a large extent when endotoxin had been pretreated in vitro by polymyxin B (Fig. 3) .
RESULTS AND DISCUSSION Figure 1 shows the pyrogenicity of rHuIFN in rabbits. A huge amount (1.5 Figure 4 shows the augmentation of the pyrogenicity of different amounts of endotoxin by rHuIFN. It is clear that both early and late phases of fever responses, occurring 1.5 to 2 h and 3 to 3.5 h after injection, were augmented about 10 to 100 times when 0.1-to 1-ng/kg amounts of endotoxin were injected together with a nonpyrogenic dose of rHuIFN (6 x 105 U/kg). Both of these early and late responses were effectively suppressed by an oral administration of 10 mg of indomethacin per kg (data not shown).
To understand the mechanism of the augmentation, we examined the blood levels of some factors which might have a relation to the febrile response. For this purpose rabbits were injected with a nonpyrogenic dose of endotoxin with or without rHuIFN and bled 2 h later. Collected plasma was injected into recipient rabbits that were monitored for rectal temperature for 5 h. Recipient rabbits receiving the plasma of donor rabbits injected with endotoxin and rHuIFN showed a monophasic febrile response at 1 h characteristic of endogenous pyrogen, whereas plasma of donor rabbits injected with endotoxin alone produced no fever (Fig. 5) . Furthermore, the levels of endogenous IFN and TNF in the serum of rabbits injected with endotoxin and rHuIFN were significantly elevated as compared with those of rabbits injected with either endotoxin or rHuIFN alone (Table 2) . These findings strongly suggest that the release of endogenous factors such as IFN and TNF from relevant cells by endotoxin is enhanced in vivo in the presence of rHuIFN and that these elevated endogenous factors are related to the elevated pyrogenicity of endotoxin by rHuIFN. In this connection, it was reported that IFN primed rabbit macrophages in vitro for enhanced IFN production (30) or primed mice in vivo for TNF production (42) . Also, it was very recently reported that TNF had a potent pyrogenic activity in rabbits through both direct stimulation of hypothalamic PGE2 synthesis and in vivo production of interleukin-1 (5, 18). Although we have not measured the serum level of interleukin-1, probably this monokine was also elevated and responsible for the elevated pyrogenicity (16, 20) , because it was reported that the release of interleukin-1 by endotoxin was increased by IFN (2, 11, 36) .
The level of PGE2 was also found to be significantly enhanced in the plasma obtained from the rabbits receiving endotoxin and rHuIFN (Table 2 ). This is probably one of the mechanisms of the augmentation of the early phase of the febrile response, since PGE2 was implicated as the mediator of the early phase of endotoxin fever (44) .
The blood level of endotoxin or rHuIFN in the donor rabbits at 2 h after endotoxin injection was not affected by simultaneous injection of rHuIFN and endotoxin (Table 2 ). This suggests that the pyrogenicity of endotoxin elevated by rHuIFN is not due to any modifications of the rate of degradation or inactivation of endotoxin or rHuIFN in vivo. Taken together, it seems that rHuIFN can prime heterologous rabbit cells for the enhancement of release of endogenous pyrogenic mediators by endotoxin in the present system. Though the ability of IFN is generally species specific, human IFNs have been reported to be active on rabbit cells (15, 34, 38, 46) . The ability of IFNs to be active against phylogenetically nonrelated cells has been demonstrated not only for their antiviral activities but also for their other activities (13-15, 27, 38, 46) . Further, it was shown that these biological activities can be dissociated from each other (14) . In the present system, it seems that rHuIFN can act on heterologous rabbit cells, being weakly pyrogenic but capable of priming strongly relevant cells for the enhancement of Concerning the mechanism of the augmented febrile response, there is another possibility that rHuIFN might enhance the sensitivity of the thermoregulatory center to the endogenous pyrogen(s), since it is known that IFN can modify the configuration or the fluidity of plasma membrane (33) or augment the expression of membrane-associated markers (24, 25, 48) . This possibility can be excluded, however, since rHuIFN did not augment the pyrogenicity of the plasma containing endogenous pyrogen(s) which was obtained from rabbits receiving endotoxin (data not shown). It is also possible that rHuIFN may modify the expression of endotoxin receptor in the thermoregulatory center, or the permeability of the blood-brain-barrier for endotoxin, or both. These possibilities have not yet been tested.
The mechanism or true pyrogenic substance(s) of IFN fever is still controversial. Most IFN preparations, though highly purified, are still contaminated with trace amounts of endotoxin (1, 10, 17) . Admittedly, there are several highly purified IFN preparations which were pyrogenic in humans but contained apparently no endotoxin or, if any, only a minute amount of endotoxin insufficient to account for fever when tested by a LAL test (41) . However, it was reported that endotoxin in amounts insufficient to be detected by a conventional LAL test could produce a significant amount of endogenous pyrogen in vitro (19) . Moreover, we found that some IFN preparations strongly inhibited LAL tests (unpublished data). The present study shows that nonpyrogenic to weakly pyrogenic amounts, that is, 0.1 to 1 ng of endotoxin per kg, produced a fever of 0.7 to 1.4°C in the early fever response and that 0.6 to 1.7°C in the late fever response in the presence of a nonpyrogenic dose of rHuIFN (Fig. 4) . This means that the trace amounts of endotoxin (0.1 to 1 nglkg) that may not always be detected by the conventional LAL tests (10, 41) or even by an endogenous pyrogen production test (1) can produce a fever of around 1°C if combined with IFN in the present system. Since such a synergism operates between IFN and endotoxin in the present heterologous (human-rabbit) system, a similar synergism would operate also in the homologous (humanhuman) system, though this should be still tested. If so, then it is most conceivable that trace amounts of endotoxin still contaminating IFN preparations, detected or not detected by conventional LAL tests, would contribute to the pyrogenicity of IFNs, especially IFN-P, to a significant extent, although the IFN-P molecules themselves also appear to be pyrogenic.
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